Summary
The o b j e c t i v e s o f the Navy Diving Biomedical Research and Development Program a r e t o p r o v i d e b i o m e d i c a l t e c h n o l o g y t o s u p p o r t a l l Navy manned d i v i n g o p e r a t i o n s , t o i n c r e a s e t h e s a f e t y and e f f i c i e n c y o f d i v e r s a t c u r r e n t o p e r a t i o n a l d e p t h s , and to p r o v i d e p h y s i o l o g i c a l i n f o r m a t i o n t h a t w i l l a l l o w Navy d i v e r s t o p e r f o r m u s e f u l work a t deeper d e p t h s f o r l o n g e r p e r i o d s o f t i m e .
The major t h r u s t s o f t h e program a r e : o Development of s a f e and e f f i c i e n t decompression procedures for a i r , mixed g a s , a n d s a t u r a t i o n d i v i n g . o Development of biomedical c r i t e r i a f o r d e s i g n of u n d e r w a t e r b r e a t h i n g a p p a r a t u s and f o r t h e r m a l p r o t e c t i o n o f d i v e r s .
o Development of improved t h e r a p i e s f o r decompression sickness and a i r embolism, and the development of improved c a p a b i l i t i e s f o r t h e s a f e u s e of oxygen i n d i v i n g a n d i n t r e a t m e n t o f d i v i n g a c c i d e n t s .
Past accomplishments and future t h r u s t s of the program a r e i l l u s t r a t e d .
Objectives
The Navy program i n d i v i n g b i o m e d i c a l r e s e a r c h and development i s administered by the Naval Medical Research and Development Command, with funds provided by the Chief of Naval Operations (oP-23), Chief of Naval Research, and Chief of Naval Development.
The objectives of the program a r e : o To provide the biomedical technology to s u p p o r t a l l Navy d i v i n g o p e r a t i o n s o To i n c r e a s e the s a f e t y a n d e f f i c i e n c y of d i v e r s a t c u r r e n t o p e r a t i o n a l d e p t h s o To p r o v i d e p h y s i o l o g i c a l i n f o r m a t i o n t h a t w i l l a l l o w u s e f u l work t o be performed a t d e e p e r d e p t h s f o r l o n g e r p e r i o d s o f time
Task Descriptions
This program addresses the biomedical problems of submarine rescue, salvage, underwater d e m o l i t i o n , e x p l o s i v e o r d n a n c e d i s p o s a l , s p e c i a l w a r f a r e o p e r a t i o n s , u n d e r w a t e r c o n s t r u c t i o n , a n d o t h e r manned u n d e r w a t e r o p e r a t i o n s .
The c o n t e n t a n d p r i o r i t i e s o f t h e p r o g r a m a r e d e f i n e d by s p e c i f i c Navy o p e r a t i o n a l r e q u i r e m e n t s . C u r r e n t l y , the program is d i v i d e d i n t o t h r e e m a j o r t a s k a r e a s . The t a s k s of Decompression Procedures a r e t o i n v e s t i g a t e t h e e f f e c t s of i n e r t g a s e s u n d e r p r e s s u r e on c e l l u l a r and t i s s u e s y s t e m s , t o d e f i n e t h e e n v i r o n m e n t a l c o n d i t i o n s t h a t i n c r e a s e the incidence of decompression sickness, and to develop s a f e r and more e f f i c i e n t decompression procedures f o r a i r , mixed g a s a n d s a t u r a t i o n d i v i n g . T h i s work i n c l u d e s b a s i c s t u d i e s o f i n e r t g a s s o l u b i l i t i e s i n a n i m a l t i s s u e s , s t u d i e s done a t t h e small animal l e v e l t o determine the effects of oxygen, t e m p e r a t u r e , e t c .
on the incidence of decompression sickness, and animal and human s t u d i e s of i n e r t g a s uptake and e l i m i n a t i o n t h a t a r e b e i n g u s e d t o c o n s t r u c t new mathematical models for the design of decompression tables.
T a s k s p e r t a i n i n g t o B i o m e d i c a l C r i t e r i a f o r Diver Equipment Design a r e t o d e v e l o p b i o m e d i c a l c r i t e r i a f o r u n d e r w a t e r b r e a t h i n g a p p a r a t u s and t o d e v e l o p b i o m e d i c a l c r i t e r i a f o r t h e t h e r m a l p r o t e c t i o n of d i v e r s . T h i s work i n c l u d e s s t u d i e s of breathinq mechanics under submerged, dense gas c o n d i t i o n s , methods t o f a c i l i t a t e d e n s e q a s b r e a t h i n g , a n d s t u d i e s t o q u a n t i t a t e r e g i o n a l and t o t a l body h e a t loss of d i v e r s .

The t a s k s o f D i v e r H e a l t h a n d S a f e t y a r e t o develop improved therapy for decompression sickness and a i r embolism, and to develop improved c a p a b i l i t i e s f o r the s a f e u s e o f oxygen i n d i v i n g a n d i n the t r e a t m e n t o f d i v i n g a c c i d e n t s . T h i s program is d e s i g n e d t o improve treatment of diving c a s u a l t i e s t h r o u q h d e v e l o p m e n t o f
new t r e a t m e n t t a b l e s , d e v e l o p m e n t of new d r u g s t o b e u s e d a s a d j u n c t t h e r a p y , a n d d e f i n i t i o n o f c e n t r a l n e r v o u s system and pulmonary oxygen limits.
Facilities and Performers
The US Navy Diving Biomedical Research and Development Program i s conducted a t two in-house l a b o r a t o r i e s , t h e N a v a l M e d i c a l R e s e a r c h I n s t i t u t e and the Naval Submarine Medical Research L a b o r a t o r y . I n a d d i t i o n , part of the program is conducted under contract a t t h r e e u n i v e r s i t y c e n t e r s , The S t a t e U n i v e r s i t y o f New York a t Buffalo, the University of Pennsylvania, and Duke U n i v e r s i t y .
The l e a d l a b o r a t o r y f o r the program is the Hyperbaric Research Facility a t the Naval Medical Research I n s t i t u t e . This recently completed f a c i l i t y c o n t a i n s a number o f l a b o r a t o r i e s f o r animal and human r e s e a r c h , a s w e l l a s a man-rated chamber complex c o n s i s t i n g o f f i v e i n t e r c o n n e c t e d p r e s s u r e chambers capable of supporting prolonged human diving experiments t o s i m u l a t e d d e p t h s of 3400 f e e t of sea water. This laboratory, which has been b u i l t a t a c o s t e x c e e d i n g $22 m i l l i o n , p r e s e n t l y h a s a s t a f f o f 22 c i v i l i a n and m i l i t a r y s c i e n t i s t s and a s u p p o r t s t a f f of 80 people, i n c l u d i n g 45 US Navy d i v e r s .
Iiecent Accomplishments
Some of the recent accomplishments of the program will i l l u s t r a t e t h e t y p e s o f p r o j e c t s t h a t a r e b e i n g p u r s u e 6 and t h e p o t e n t i a l b e n e f i t t o t h e Navy.
F o r e x a m p l e , r e c e n t s t u d i e s c o n d u c t e d a t t h e Naval Submarine Medical Research Laboratory have e s t a b l i s h e d s a f e s u r f a c e i n t e r v a l times f o r decompression from saturation air environmemts. T h e s e r e s u l t s w i l l be used t o d e v e l o p s a f e p r o c e d u r e s f o r r e s c u e o f p e r s o n n e l from a d i s a b l e d s u b m a r i n e t h a t i s i n t e r n a l l y p r e s s u r i z e d .
Work a t t h e N a v a l M e d i c a l R e s e a r c h I n s t i t u t e ( N M R I ) h a s d e f i n e d t h e e f f e c t s o f d i v i n g , decompression sickness, and recompression therapy on f e t a l fievelopment i n a n i m a l s . T h i s i n v e s t i g a t i o n was hegun because the Navy now h a s women d i v e r s , t h u s t h e r e i s c o n c e r n a b o u t t h e e f f e c t s o f d i v i n g on t h e f e t u s and t h e e f f e c t s o f p r e g n a n c y on s u s c e p t i b i l i t y t o d e c o m p r e s s i o n s i c k n e s s . The development and v a l i d a t i o n o f t e c h n i q u e s f o r u s i n g c u t a n e o u s h e a t f l o w s e n s o r s t o c a l c u l a t e a c c u r a t e l y r e g i o n a l a n d t o t a l body h e a t loss o f d i v e r s was a l s o r e c e n t l y c o m p l e t e d a t NMRI.
These r e s u l t s w i l l a i d t h e d e s i g n a n d t e s t i n g o f new thermal p r o t e c t i v e g a r m e n t s f o r d i v e r s . O t h e r e f f o r t s a t NMRI h a v e b e e n d i r e c t e d t o w a r d f i n d i n g b e t t e r m e t h o d s t o t r e a t s e r i o u s decompression sickness and a i r embolism. Recently, NMRI i n v e s t i g a t o r s f o u n d a new drug combination t o f a c i l i t a t e t h e r e c o v e r y of n e u r o l o g i c a l f u n c t i o n a f t e r a i r embolism i n a n i m a l s . T h i s d r u g combination, now b e i n g t e s t e d i n c l i n i c a l t r i a l s , may be b e n e f i c i a l f o r p a t i e n t s s u f f e r i n g t h e e f f e c t s o f s e r i o u s d i v i n g a c c i d e n t s . Y e t a n o t h e r s t u d y h a s e x p l o r e d
new r e c o m p r e s s i o n p r o f i l e s f o r t r e a t i n g s p i n a l c o r d d e c o m p r e s s i o n s i c k n e s s . R e s u l t s from t h i s a n i m a l work have shown t h a t t h e u s e o f oxygen a t s h a l l o w e r d e p t h s i s more e f f e c t i v e i n r e s t o r i n g n e u r o l o g i c a l f u n c t o n t h a n t h e s t a n d a r d recompression therapy of a i r a t 165 f e e t o f s e a w a t e r . A l t h o u g h a d d i t i o n a l work i s n e c e s s a r y t o v a l i d a t e t h e s e f i n d i n g s , we e x p e c t t h e s e e f f o r t s t o l e a d t o new and mare e f f e c t i v e t r e a t m e n t s f o r decompression sickness and a i r embolism.
F u t u r e T h r u s t s I n t h e f u t u r e , t h e Navy Diving Biomedical Research and Development Program will c o n t i n u e t o p u r s u e c u r r e n t program o b j e c t i v e s a n d t a s k s , a n d t o expand these as new o p e r a t i o n a l n e e d s are d e f i n e d . The program w i l l c a p i t a l i z e o n t e c h n o l o g i e s t h a t are newly a v a i l a b l e t o accelerate p r o g r e s s i n e a c h o f the t h r e e t a s k a r e a s .
Some of these new t e c h n o l o g i e s and t h e i r a p p l i c a t i o n s a r e i l l u s t r a t e d below. In the Decompression Procedures task area, t h e newly a v a i l a b l e t e c h n i q u e s f o r c r e a t i n g r a d i o a c t i v e n i t r o g e n by high energy x-ray are b e i n g u s e d t o s t u d y u p t a k e a n d e l i m i n a t i o n o f i n e r t g a s e s i n human s u b j e c t s . F o r t h e f i r s t time, t h i s new technoloqy permits t h e mapping o f n i t r o g e n u p t a k e a n d e l i m i n a t i o n i n s p e c i f i c body areas i n human s u b j e c t s . T h i s work, i n c o m b i n a t i o n w i t h o t h e r s t u d i e s o f i n e r t q a s k i n e t i c s and bubble formation, w i l l a l l o w c o n s t r u c t i o n o f m a t h e m a t i c a l m o d e l s f o r d e c o m p r e s s i o n t h a t are based on f i r m p h y s i o l o g i c a l e v i d e n c e r a t h e r t h a n on t h e p u r e l y t h e o r e t i c a l c o n s i d e r a t i o n s u s e d i n t h e p a s t . S a f e r a n d more e f f i c i e n t d e c o m p r e s s i o n t a b l e s f o r a wide v a r i e t y o f d i v i n g s c e n a r i o s w i l l r e s u l t from t h i s e f f o r t . In Biomedical C r i t e r i a for Diver Equipment, a new t e c h n i q u e h a s b e e n d e v e l o p e d t o s t u d y t h e v e n t i l a t i o n o f d i v e r s w i t h o u t a d d i n g a d d i t i o n a l r e s i s t a n c e t o t h e i r b r e a t h i n g . The s y s t e m u t i l i z e s magnetometers placed on t h e d i v e r ' s c h e s t and abdominal walls t o m e a s u r e v e n t i l a t i o n o v e r a wide r a n g e o f c o n d i t i o n s .
I t is being used t o measure t h e e f f e c t s o f i m m e r s i o n , b r e a t h i n g d e n s e g a s , a n d e x t e r n a l r e s i s t a n c e s imposed by underwater b r e a t h i n q a p p a r a t u s on t h e d i v e r ' s v e n t i l a t o r y system. This work w i l l provide a b a s i s f o r improving underwater breathing equipment and thus, improving diver performance a t d e p t h .
Another new technique i s b e i n g e v a l u a t e d t o f a c i l i t a t e b r e a t h i n g a t d e e p e r d e p t h s . work o f b r e a t h i n g a n d i n c r e a s i n g g a s e x c h a n g e i n t h e l u n g . T h i s t e c h n i q u e o f f e r s t h e p o s s i b i l i t y of reducing the energy requirements of b r e a t h i n g a n d i n c r e a s i n g work t o l e r a n c e a t d e p t h .
In Diver Health and Safety, new techniques are b e i n g u s e d t o map t h e i n t e r a c t i o n o f b l o o d components with damaged t i s s u e i n t h e b r a i n f o l l o w i n q cerebral a i r embolism. These s t u d i e s u s e r a d i o a c t i v e l y -t a g g e d p l a t e l e t s a n d l e u k o c y t e s 
